The problem of nervous complications of spinal anesthesia is one which well deserves ventilation by this Section. With few exceptions, the previous communications on this subject have been made by nonneurological writers, and the present state of the problem is still muddled and bereft of exact data, clinical and anatomical. In the present circumstances we are quite unable even to state how often neurological complications occur. The figures available are astonishingly contradictory; some surgeons or ana3sthetists will tell us of thousands of successful cases without a single complication, while another writer (Blatt), is able to collect from the literature and elsewhere, evidence of 100 cases of 6th-nerve palsy after spinal anaesthesia. I suggest that if any one point of certainty emerges from this discussion it will be the fact that a very significant number of nervous sequeli are completely overlooked by both surgeons and anesthetists.. This statement will apply chiefly, I think, to the cases of ocular palsy and to the syndromes of the cauda equina and conus medullaris, which together, I submit, constitute the more common of the sequelae.
traumatic, and (3) the toxic. G. H. Hyslop has grouped the nervous sequelse according to whether they are of a focal or a general character, the former being subdivided into the remote and the adjacent types. Although this classification is not without value, it can scarcely be regarded as entirely satisfactory. Until a more logical schema becomes possible it might be equally useful merely to describe the neurological syndromes in their approximate order of frequency.
Headache.-This symptom occurs so often as scarcely to warrant its inclusion among the true neurological complications. It appears to develop with greater frequency than after simple lumbar puncture, and is especially common in cases of high block. The difficult question of lumbar-puncture headaches, their pathogenesis and avoidance, does not fall within the scope of to-night's discussion. One may say that headaches after spinal anesthesia seem to differ from the post-puncture headaches in their greater frequency, in a greater liability to a severe and protracted course, and in the occasional development of complicating features, such as meningism or cranial-nerve palsies. The views of those practising spinal anaesthesia as to the causation of the headaches have been strikingly diverse, the blame extending from a faulty technique at the hands of the anesthetist, to a neurosis on the part of the patient.
Aseptic meningitis following spinal aniesthesia has been recorded by S. Brock, A. Bell, and C. Davison in the same way as it has been reported very occasionally as a complication of simple lumbar puncture. Abducert patsy.-Paralysis of the 6th nerve constitutes, according to the literature Although the particulars are not complete in these eight cases, nevertheless there is strong presumptive evidence of a lesion situated in the terminal portions of the spinal cord and roots. Two and possibly three of these eight cases showed some clinical evidences of improvement within a few weeks; in four others however symptoms persisted, without aggravation, up to the time of death. The morbid anatomy is unknown to me. The onset of symptoms immediately after the aneesthesia with no trace of subsequent progression suggests an acute toxi-infective process. The correspondence of the site of presumed lesion with the region of the cord influenced by the spinal ancesthetic, suggests a noxious effect upon the cord and its roots directly due to the aneesthetizing substance.
Radiculomyelitis.-In a smaller group of cases there is evidence of a more widespread morbid process affecting the roots and cord at a higher level. Case XI.-Male, aged 69. Some days after a spinal anesthesia the legs became weak and insensitive, and awkwardness and numbness developed along the inner aspects of the arms. Symptoms progressed to a state of flaccid paraplegia but thereafter some improvement occurred. Examination five months later revealed absence of the abdominal responses, as well as of the kneeand ankle-jerks. Plantar reflexes were flexor. Dorsiflexion of both ankles was weak; there was somne reduction to pinprick over the feet, vibration being normally felt. There was no incontinence. Case XII.-Male, aged 51, found that his left leg did not recover as the spinal anesthetic wore off. For three days the left leg was powerless and when he was discharged on the nineteenth day he was still limping on that leg. This disorder did not clear up and when examined 22 years afterwards he was still complaining or pains, weakness and numbness of the left leg which tended to swell at times. There were no sphincter disturbances but sexual potency was impaired. Examination showedin. of wasting around the left calf, with weakness of the whole limb. The knee-and ankle-jerks were absent on the left side ; the left lower abdominal and the left creinasteric response were unobtainable and a flexor plantar reflex was obtained with some difficulty. There was marked thermanalgesia over the whole of the left leg and lower abdomen as high as the 11th thoracic segment, and vibration was much diminished at the left ankle.
I have notes of other rather similar paralytic cases, but the records are too brief to warrant quotation. I have had no personal experience of cases of transverse, diffuse, or ascending myelitis. Cases of such are on record however. In the fifth case reported by Brock et al. a toxic myelopathy followed the use of a spinal ancesthetic. Autopsy revealed apparent softening of the cord at the 12th thoracic and 1st lumbar levels. Over a wider longitudinal extent there were found changes in the myelin sheaths, axis cylinders and glia, most marked at the periphery and also at the root-entry zones.
Nonne and Demme have also reported degenerative myelitis as a sequel of spinal ansesthesia. Devraigne, Suzor, and Laennec, in the previous year, also described a quadriplegia of transient duration.
In a patient described briefly by Langton Hewer a myelitis developed after percaine anaesthesia. Nine months later a laminectomy was performed, revealing a constricting zone of arachnoiditis around the lower part of the spinal cord and the upper portion of the cauda equina.
Anaesthetic areas of the body may be the site of complicating trophic disorders including, of course, severe bed sores. Hyslop has described two cases in which an herpetiform eruption appeared over the lumbar dermatomes after spinal anesthesia, and Piccardi has mentioned two cases of vesicular eruption on the heels after tutocain anasthesia.
Permanent neurological sequelae need not necessarily be present, however, for extensive trophic lesions to appear, as shown in the next case Case XIII.-Female, aged 59, became critically ill after a spinal anaesthetic. She rememibers very little of the events of the next two weeks but recalls that the legs were stone cold. Blisters appeared on both thighs and on the right foot, gradually spreading so as to become gangrenous. There were no signs of neurological disorder.
It is possible that in this patient-who showed well-marked cardiovascular disease with degenerate peripheral arteries-a thrombosis in the vessels of the lower limbs may have been the immediate sequel of the spinal anaesthetic, which was in turn complicated by a spreading gangrene.
Sacral radiculitis.-In the following case symptoms suggestive of this diagnosis developed twenty-four days after a spinal anaesthetic: Case XIV.-Male, aged 46, had some persistent low backache after a spinal anesthetic. He left hospital after three weeks and three days later, after a walk, he began to suffer from spasms of pain in the sacrum, groins and testicles. These were so severe as to throw him to the ground, the abdominal muscles being rigid and the spine arched in opisthotonos.
Examination revealed no defect of the reflexes or of motor power; the sphincters were bealthy ; there was hyperesthesia to all forms of cutaneous sensibility over the 2nd, 3rd and 4th sacral segments.
There are comparable cases in the literature, some of them diagnosed as examples of radiculitis and others of neuritis. Indeed, pains in the extremities have been regarded by some, e.g. Lindemuller, as constituting the commonest sequel. In three of this author's cases pain in the legs persisted for several months and was associated with marked and protracted tenderness of the muscles. Loeser reported five cases of limb-pains following a spinal anaesthetic within a period of one to three weeks. In three cases the upper extremities were involved, and in two the lower. The early symptoms -comprised pain and paraesthesiae affecting chiefly the territory of a single nerve, either motor or sensory. As a rule, the symptoms improved gradually after the course of many months, the nerves remaining tender to pressure and tension during that time.
Tabanellis has also reported a case of a spinal anaesthetic complication where the picture suggested a lesion of the brachial plexus.
Focal cerebral lesions.-In the next case, mental symptoms and a transient hemiplegia immediately followed a spinal anaesthetic.
Case XV.-Female, aged 68, a diabetic, developed a flaccid right-sided hemiplegia and aphasia some hours after an operation for which spinal anesthesia had been employed. These symptoms cleared up in a few hours, leaving, however, a condition of mental confusion for some days.
The most probable explanation of such a case is I suppose a cerebral angiospasm or a small thrombosis, due in part to an associated vascular disease. Other cases of hemiplegia following spinal anaesthesia have been recorded, for instance, by Arnheim and Mage.
Symptom8 of neurological di8ea8e, precipitated by 8pinal anas8the8ia.-It is not uncommon to find the first clinical manifestations of some clearly defined nervous disorder dating from a severe trauma, operation, or confinement. Spinal anaesthesia may also be a precipitating agent in the evolution of such affections as disseminated sclerosis, progressive muscular atrophy, and neurosyphilis. Examples of this happening in the case of each of these disorders have come to my notice:
Case XVI.-Male, aged 28. Some years previously had been liable to attacks of giddiness. These improved to such a degree that he was able to join the regular army and also to get married. Three weeks after his marriage he underwent an operation for internal derangement of the knee-joint at a Military Hospital. On the third day after this operation, which was performed under spinal anesthesia, he developed a retrobulbar optic neuritis in the left eye. Vision was practically abolished for six months. When examined two years later the visual acuity was still only 4 in that eye, and other physical signs were present, typical of disseminated sclerosis. The two cases recorded by Maclachlan of disseminated encephalomyelitis following spinal anaesthesia may also be examples of an independent neurological affection, where the symptoms were precipitated by the stovaine. His cases might also be instances of disseminated sclerosis.
Case XVII.-Male, aged 45, was well prior to an operation under spinal anmesthesia four years previously. Three months after, he developed weakness, pain and wasting in the left leg. Slowly the affection spread to the right shoulder and thence to the right leg. When examined f6ur years later, he showed wasting and fibrillation of the muscles of both legs and to a lesser degree of both arms. The tendon-jerks were unobtainable and the plantar responses flexor. There were no sensory changes; no sphincter disorders and no bulbar signs. The patient still complained of pains which were practically generalized.
In this case the diagnosis is rather uncertain, though a progressive muscular atrophy seems the most probable.
Experimental work.-I may remind this Section that there is clear experimental proof of the toxicity of cocaine derivatives when injected intrathecally. Wossildo found changes in the nerve-cells up to twenty-four hours after subarachnoid injection of procaine in rabbits and dogs, though Pitkin's studies were not confirmatory of this. Changes had also been reported by van Lier. Spielmeyer, after injecting stovaine in dogs, found degeneration in the roots and peripheral zone of the cord with retrograde changes in the anterior horn cells. More recently, Loyal Davis, Haven, Givens, and Emmett, after injecting a series of common anaesthetic substances into the subdural sacs of dogs found (i) various inflammatory reactions in the leptomeninges; (ii) cellular changes in the grey matter of the cord recalling a retrograde degeneration; (iii) swelling and pigmentation of the axis cylinders; (iv) degeneration of the fibre-tracts within the cord. Of these changes the first were the most constant; the last three changes were less pronounced in those animals allowed to survive ninety days after the aneesthetic.
It would now be foolish to ignore the accumulating evidence that spinal anwesthesia may at times be followed by neurological sequelae which, always disturbing in character, may even prove disastrous, if not fatal.
The most serious feature in this problem is that no steps can yet be taken to avoid these nervous sequelke, for we are still ignorant as to their causation. This subject is therefore a very suitable one for discussion, especially among neurologists. anwsthetists, and pathologists. Are some or any of these sequelaw attributable to faulty technique ? to lack of skill in performing the actual puncture of the theca ? to errors in dosage ? to unsuitable pre-or post-anwesthetic medication or nursing ? How far is the drop in bloodpressure a factor, by producing changes in the cerebrospinal blood circulation ?
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What part is played by the aneesthetic substance itself, and are nervous sequelae commoner with one preparation than another?
These are considerations which require an interchange of opinions by those with wide experience of spinal anaesthesia.
Furthermore, can it be that some or all of these nervous sequelae are due merely to the activation of a latent morbid process within the nervous system by the spinal puncture or the anaesthetic ?
For permission to examine and quote the foregoing clinical cases, I am very grateful to numerous friends and colleagues, and also to Sir F. Kay Menzies in the case of patients within London County Council Hospitals.
Dr. J. K. Hasler: The giving of a spinal anaesthetic calls for two separate manceuvres on the part of the ansesthetist. Firstly, a lumbar puncture must be performed and, secondly, a drug must be injected into the canal and allowed to come into contact with a sufficient number of nerves to produce the required anaesthesia. Both these procedures may give rise to sequelae, and I propose to discuss various points in technique which appear to me to be important in this connexion.
Let us consider first the lumbar puncture. This is, I am convinced, responsible for the majority of headaches which follow spinal aneesthesia and which can be such a source of annoyance to the patient. It has been suggested from time to time that the headache is due to the drug injected. If this were so, we should still require an explanation of those headaches which occur after lumbar puncture performed for diagnostic purposes. It is widely believed that the headache is due to leakage of cerebrospinal fluid through the puncture hole of the needle. Certain precautions should therefore be taken to prevent this. Firstly, the needle used should be as fine as possible. At least one observer has published results after using needles of two different sizes and has shown that with the finer needle the percentage of headaches is lower. I myself have been able to confirm this. In using a very fine needle of size 23 by the standard wire gauge it is necessary to have an outer needle with which to get down to the dura mater and through this is passed the fine needle to make the actual puncture. I have used one of these for several years now and I have sometimes found that on withdrawal of the inner needle cerebrospinal fluid leaks through the outer one although its point is not inside the dura. With even a fine puncture, therefore, some leakage can occur.
Secondly, the needle used should be properly sharp; any needle with a blunt or bent point should be discarded, to avoid tearing the dura mater. It should also be inserted gently, so that in the event of touching bone the point is not damaged. If the needle has a stilette, the stilette should be withdrawn before reaching the dura mater, so that the moment of puncture is known and the risk of blunting the needle against the anterior wall of the canal is avoided. I prefer also to make my injection in the middle line rather than from one side, as I believe it is easier to avoid bone in this way. Labat has suggested that the puncture should be made with the bevel of the needle in the long axis of the body, that is to say, in the line of the fibres of the dura mater. In this way a finer hole is made than if the bevel lies transversely to the fibres. I usually employ this technique but I am a little doubtful whether it makes any difference. In the prevention and treatment of headache it is usual to keep the patient in the Trendelenburg position on his return to bed. Any leakage that might occur can be prevented in this way because the puncture-hole then lies at the top of the column of fluid in the spinal canal. This fact can be demonstrated by performing lumbar puncture with a patient in the knee-elbow position. Although the point of the needle lies within the spinal canal, no fluid will flow out unless the patient is made to give a cough or his position is so altered that his head becomes higher than his lumbar region. Headaches may be due to infection which has been introduced into the canal by the needle. Aseptic technique is, of course, essential.
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The second complication of the lumbar puncture which I wish to consider is gross damage to nervous tissue, caused by the needle. The spinal cord ends, in the adult, at the level of the first lumbar vertebra ; in children and young adults it is at a lower level. If the needle is inserted at too high a level there is a very real danger of sticking its point into the cord itself with unfortunate results. In my opinion the needle should never be inserted above the third lumbar vertebra, and if for any reason it is found difficult to enter the space between L3-L4 then a trial should be made in the space below rather than in the space above. The failure to enter a space and the desire to try another space above, are usually the mark of an inexperienced operator. The failure is the result of a faulty approach to a space and can usually be remedied by inserting the needle at a point a few millimetres higher or lower than the original puncture-hole in the skin. Increasing practice in performing lumbar puncture leads to fewer failures and one is forced to the conclusion that one's early failures to enter a space were due to imperfect technique. It occasionally happens that when one is making a puncture the patient feels a shooting pain down a leg. I have always found this due to a lateral deviation of the point of the needle and it does not occur if the needle is kept strictly in the middle line. I have never seen harm come of it, but it is conceivable that a puncture made rapidly and with force might damage a nerve. In any case it is disconcerting to the patient and should be avoided.
A third complication of lumbar puncture is hamorrhage. However carefully one may make the puncture, there always seem to be a few cases in which a bloodvessel is injured and blood flows from the needle. In most cases the flow of cerebrospinal fluid soon washes away the blood and one can proceed to inject the ansesthetic solution. If not, the position of the needle is changed until one does get clear fluid. But the problem of the injured vessel remains. Is it likely to produce an extradural haematoma with possible pressure effects on the cord or nerves ? or, if the haemorrhage takes place intrathecally, will it give rise to adhesions with possible nervous sequele at some later date ? These are points on which I should welcome information from members of this Section. So far as I am aware I have never had trouble following haemorrhage when doing a lumbar puncture, but if a nervous lesion developed after the patient had left hospital he would seek advice elsewhere and I should be ignorant of it. I should therefore like to know whether any real risk is attached to haemorrhage.
Let us consider now the second manceuvre in the production of spinal anaesthesia, namely, the injection of the anaesthetic solution. This solution has for its object the temporary paralysis-i.e. for an hour or two-of those nerves which supply the area of operation, after which the effect should wear off and the patient's nerves should function as before. Unfortunately, cases occur in which recovery is delayed or, as happens in a few cases, does not occur at all. In my own experience the commonest sequela has been interference with the nervous mechanism of the bladder, leading to retention of urine. Another factor, however, must be considered in this connexion, namely the nature of the operation. Retention is relatively common after operations on the rectum, irrespective of the form of anmsthesia used but, on the other hand, I do not remember to have seen a case of retention following urinary operations performed under spinal anesthesia. While it is easy to see a connexion between a spinal an2esthetic and the subsequent permanent paralysis of one or more of the nerves which were acted upon, it is more difficult to see how a nerve at a distance can become paralysed. I refer to those ocular palsies which sometimes follow spinal anesthesia. I have only once seen such a case among my patients and I have never heard of the condition remaining permanent. In considering the part played by the anesthetic in the production of nervous sequelie, there are three points to consider.
The first is the nature of the drug or drugs injected. With the exception of percaine, all the drugs used for spinal anesthesia are synthetic compounds allied to cocaine. It has been found that their toxicity and anesthetic properties are directly propor-tional and that the most efficient anaesthetics are the most toxic, cocaine being at the head of the list. In the early days of spinal anaesthesia in this country the drug most commonly used was stovaine, and a condition known as stovaine tabes has been described, following the use of the drug. It is a condition about which I regret to say I know very little, but it seems possible that it was due not so much to the drug itself as to early faults in its method of use. So far as I know, nothing of the sort has been described following the more recent use of novocain and percaine, but that may be due to improved technique in their administration. I once saw three or four cases of headache and rigors following the use of percaine, but it was in the very early days of percaine anaesthesia when the drug had to be prepared in the dispensary, and I feel that there must have been some fault in its preparation as nothing of the kind has occurred since. There are at present on the market two solutions for spinal anaesthesia which, in addition to novocain as the anaesthetic, contain alcohol, which has been added to make the solution light. Now alcohol is a poison and is introduced into the spinal canal both here and in America with the idea of paralysing certain sensory nerves in cases of inoperable malignant disease in the pelvis. I have recently heard of one case in which this has also led to retention of urine and paralysis of the anal sphincter, therefore I view its use in spinal anaesthesia with some suspicion and feel that it is introducing an unnecessary risk into the proceeding. Sodium chloride and glucose are also used with spinal ansesthetics but I regard them as harmless.
Next I wish to consider the possible effects that concentration and distribution may have in producing nervous sequelse. If a drug, when used in a dilute form, has the effect of temporarily paralysing a nerve then the same drug, if used in greater concentration, may easily turn a temporary paralysis into a permanent one. Some work has been done on this problem by Lundy at the Mayo Clinic. He administered concentrated solutions of procaine into the spinal canals of dogs and found that permanent paralysis resulted when 5 c.c. of a 20% solution was used, but that with 5 c.c. of a 17J% solution or weaker strengths no permanent paralysis occurred.
What seems rather curious is the fact that no permanent paralysis occurred with 2-5 c.c. of a 50% -solution. These concentrations are greatly in excess of those normally used in the human subject, though I believe there is a solution on the market in the United States in which the concentration of novocain is 40%. Except when using the dilute percaine solution, it is customary to introduce a small quantity of the anaesthetic solution into the canal and allow it to flow along the canal, thereby spreading over a wide area and becoming diluted with cerebrospinal fluid. It may occasionally happen, however, that if the injection is made with the patient in the sitting position, the anaesthetic solution becomes confined to that portion of the canal below the promontory of the sacrum. This is due to delay in getting the patient down into a horizontal position. Under these circumstances a low spinal anaesthesia will be produced and the few nerves that are paralysed will receive a stronger dose of the anaesthetic than if the solution had been allowed to cover a greater area. There are also those occasional cases in which, although the solution appears to have been injected correctly, yet anaesthesia is deficient except over a limited area, and one gets the impression that the solution has somehow been prevented from spreading-possibly by adhesions-and has remained in its relatively concentrated form in the vicinity of a few nerves. I mention these two sets of cases to show that it is possible, through faulty distribution, for nerves to receive a more concentrated dose of anaesthetic than was intended. I have always thought that the solutions in common use were well within the safety limits as regards concentration but it might perhaps be better to give larger quantities of more dilute solutions, or to mix whatever solution we use with at least an equal quantity of cerebrospinal fluid before injection.
Lastly, one must consider the possible effect of a spinal anaesthetic on those patients who have an existing disease of the central nervous system. I am a little diffident of expressing an opinion on this point as I am in the presence of experts.
Few anaesthetists would, I think, give a spinal ansesthetic to a patient who was known to have a di3ease of the central nervous system, but there must from time to time be patients in whom such a disease has not become evident and who are given a spinal anaesthetic. What effect, if any, will the anaesthetic have on the course of the disease ? The point is of some importance because if the patient seeks advice at a later date, he may blame the anaesthetic for his disease. I have tried to outline briefly those points in the technique of giving a spinal anaesthetic which appear important to me as an anaesthetist. If I have omitted any points which appear important to you, as neurologists, I hope I may be excused.
Dr. A. D. Macdonald: Experimental and Pharmacological Considerations. I am neither a neurologist nor an anaesthetist, but have the good fortune, for a pharmacologist, to have a number of clinical colleagues who come to my laboratory to discuss their doubts and difficulties and subject their theories to experimental investigation. While I would be the last to suggest that we should blindly apply the findings on cats and dogs to man, I think that when faced with such problems as have been outlined by the opener of this discussion, we must explore every possibility of precise knowledge.
It would be unprofitable to attempt to review the published experimental work on spinal anaesthesia. Much of it is overwhelmingly conflicting, much is certainly erroneous in its conclusions. Instead I wish to summarize three pieces of joint research work which have been carried out in my laboratory-the first two inspired by a question of Dr. Falkner Hill's-" Why do spinal anaesthetics sometimes cause death on the table "-the last, which bears very directly on to-night's discussion, raised by Mr. Kenneth Watkins, " Why do we find bladder, rectum, and sensory disturbances persisting after spinal anaesthesia ? " Two of these researches have not yet been published.
A glance at a skeleton of a cat or dog will show that lumbar puncture above or below the last lumbar vertebra should be easy, and with a little practice it is not difficult to tap clear cerebrospinal fluid. Because of the continuations from the cord into the tail, there is much less space than in man, but in our experiments we reject any in which a free flow of cerebrospinal fluid is not obtained, and any in which the fluid continued to be tinged with blood.
In the first place Dr. Bullock and I have tried to determine the fate of the injected drug-its spread in the cerebrospinal fluid, its dilution, absorption, destruction, and excretion. So far we have limited our work to drugs of the para-aminobenzoic acid series-procaine, larocaine, and tutocaine. These have the advantage of a reactive amino-group, and when coupled with guaiacol disulphonic acid yield an orange-coloured compound the concentration of which in cerebrospinal fluid, blood, urine, and tissues can be estimated colorimetrically to within 5%, although only small amounts are present. It is clearly important to make certain that the method is estimating the anaesthetic and not some derivative such as para-amino-benzoic acid itself. We have satisfied ourselves as regards concentrations persisting in the cerebrospinal fluid, by checking the colorimetric estimations with an assay against procaine, using the duration of ansesthesia produced by intracutaneous injections as a measure. A very good agreement was obtained.
Most ansesthetists who use procaine for spinal anesthesia inject up to 3 c.c. of a 10% solution. Some dilute the drug further with cerebrospinal fluid before injection. In the cat 0 5 c.c. of a 10% solution may be injected without endangering respiration. This is about five times the full human dose, calculated on a basis of body-weight, yet it rarely affects the fore-limb tendon reflexes, though giving complete paralysis below that level for thirty to fifty minutes.
If small samples of cerebrospinal fluid are collected from the lumbar region at intervals and the drug content estimated, it is found that the concentration falls rapidly at first, then gradually. After five minutes it is usually between 2 and 3%.
If a sample be taken at this stage from the cisterna magna, the concentration of drug there is surprisingly low-the highest we have found is 0 002%. One would not expect 6th-nerve palsies with such concentrations. After forty minutes or so, when the knee-jerk is back, the concentration in the lumbar region is usually below 0.05%.
Larocaine and tutocaine are more potent and more toxic drugs, and give a longer ansesthesia after the injection of smaller doses. With larocaine the knee-jerk returns when the lumbar concentration has fallen to between 0-007 and 0.015%. With tutocaine the corresponding figures were 0-004 to 0.01%. (Slides showing the curves for the rate of disappearance of procaine, larocaine, and tutocaine from the lumbar cerebrospinal fluid.)
The concentration which is found in the blood at any time during or after spinal anaesthesia is low. It should not be necessary to-day to discount the fable that spinal anaesthesia may be dangerous because of the risk of blood absorption; both clinical and experimental evidence disprove it. Thus Hill has injected a full spinal anaesthetic dose of procaine hydrochloride, 300 mgm., intravenously in man, spreading the injection over a few minutes, without producing detectable symptoms, and Sebrechts has reported a similar experiment with percaine. In the cat the liver may contain about twice as much as the blood; the concentration in the urine has never exceeded 0.03%, and only about 7% of the total injected is excreted by the kidneys-the rest is presumably broken down by the liver.
In our work on the acute effects of spinal anaesthesia (Hill and Macdonald [1933; 1935] ) we gave repeated lumbar injections of 0-5 c.c. of a 10% solution of procaine.
We had taken steps to prevent the drug from reaching the phrenic roots or respiratory centre by removing the spine of the 7th cervical vertebra and passing a drain round the cord. Only the first dose produced demonstrable effects. The respiratory tracing ( fig. 1) is taken from the diaphragm, and with the injection the excursions recorded by the tambour are increased. This is because the intercostal muscles have been cut off by the spinal, the diaphragmatic movements increasing to compensate for the loss of thoracic movements. The blood-pressure falls abruptly with the spinal, but only to 70 mm. Hg. Later injections do not lower the blood-pressure further. We have found, in fact, that in the lightly anasthetized cat this rather terrifying fall of blood-pressure does not occur if the injection be made slowly, so that there is time for compensating reflexes to make the necessary adjustments for the paralysis of the lower vasomotor roots. In most clinical cases, in which procaine is used, the antesthetic in itself need not depress the blood-pressure.
Here two respiratory tracings ( fig. 2 ) are shown-the upper thoracic (intercostal), the lower abdominal (diaphragmatic). The injection (0-1 c.c. of 10% procaine) is first made at the level of the phrenic roots-between the third and fourth cervical vertebra. In contrast with the previous record, phrenic paralysis is produced, with compensatory increase in intercostal movements. Blood-pressure is little affected.
For comparison, I have injected a similar dose into the cisterna magna of the same animal three hours later. This produces complete respiratory paralysis, the bloodpressure begins to fall, and the animal would perish were it not rescued by a few minutes of artificial respiration. In less than five minutes the depressed centre has recovered sufficiently from the effects of the drug to function independently. Figure 3 is a more instructive tracing of a cisternal injection with respiratory paralysis, because the paralysis develops more gradually. There is a considerable rise of blood-pressure at first-a non-specific effect described by Dixon and attributed to stimulation of a suprarenal centre. The respiratory paralysis here is strikingly different from the phrenic paralysis seen in the last slide. Here the rhythm rather than the amplitude of the excursions is affected-the paralysis is central, not peripheral, and every discharge from the centre, until it is paralysed, produces a full, deep respiration. Here again a very short spell of artificial respiration serves for the centre to recover its normal rhythmical activity.
[From the Journ. Pharm. and Exp. Therap., 1933, 47, 154. FIG Here two injections into the fourth ventricle are recorded ( fig. 4 ). After trephining and improving the access, the lower pole of the cerebellum is raised and a blunt hypodermic needle is passed up to the ventricle. With 1 mgm. of procaine, respiration is slowed but not paralysed With 5 mgm. a typical central paralysis, similar to those described with cisternal injections, is produced. Recovery with artificial respiration is rapid. The vasomotor disturbances associated with these central paralyses are transitory and not alarming-there is no evidence of any depression of the vasomotor centre similar to that of the respiratory centre.
So far, then, as we can judge from the experimental animal, the acute danger of spinal anaesthesia coAsists of the risk of headwards spread of the anaesthetic from the point of injection, depressing in turn the thoracic muscles, the diaphragm, and finally the respiratory centre. So long as it is possible to initiate and maintain adequate and timely artificial respiration, such paralysis does not seriously threaten the life of the animal. In avoiding respiratory paralysis, the important factor seems to be to limit the bulk of the injection-a voluminous dilute injection is much more likely to reach the phrenic roots or even the respiratory centre than an equal weight of drug in a more concentrated solution. But we shall see that a concentrated solution is not without its drawbacks. When Watkins and I began our study of the neurological sequelse in the experimental animal, we realized that to obtain symptoms in a reasonable proportion of our animals heavy doses would have to be given. We began with i c.c. doses of various 10% solutions of procaine-about five times the maximal clinical dose. In a fair proportion of animals this produces lasting symptoms-sensory disturbances, drooping of part of the tail, or complete flaccidity, paralysis of the urinary musculature with distension, so that urine could be expressed by abdominal pressure, the stream stopping as soon as the pressure was discontinued, rectal weakness with some protrusion of the mucosa through the anus, and occasionally some weakness of the hind limbs. Here we were concerned with the question-were these changes due entirely to the local anaesthetic, or to the presence of some other constituent of the solution such as alcohol or glycerine ? A further possibility consists of some potentiation of the ansesthetic by such constituents. We satisfied ourselves that neither the alcohol nor the glycerine, in strengths greater than are commonly employed in proprietary solutions, produce sequelae in themselves. Further, since simple solutions of procaine may provoke lasting symptoms, it seems unnecessary to postulate some obscure potentiation. Table I summarizes our results for several brands of procaine in 10% solution. We do not suggest that any significance should be attached to differences in the incidence of sequelie with the various procaine solutions, and it is interesting to find that 5% amylocaine (stovaine) seems to be as likely to leave sequelhe as the stronger procaine solution. After discussing these results with Dr. F. R. Ferguson we decided that we should try to correlate the incidence of sequelae with the concentration of the drug we had injected. That a correlation exists is clear from Table I . I then tried a small series with 20%. The first two given 0.5 c.c. died in a few minutes, presumably from respiratory paralysis. I therefore reduced the dose to 0 3 c.c. or 0 4 c.c. according to body-weight, but lost another animal acutely. Of the five surviving, four showed considerable paralysis-weakness of the tail and hind limbs, some protrusion at the anus, and vesical dilatation. In this series simple procaine solutions were used, and the absence of prolonged changes with the weaker injections, sharply contrasted with their frequency with concentrated drug, is striking. This series provides further evidence that it is the local anaesthetic and not the other constituents of the solution or mechanical trauma due to the needle which provoke trouble. It would indeed be difficult to connect a prick of the cord or roots with the extensive symptoms sometimes seen.
We had at one time hoped to investigate the intrathecal morbid histology of the affected animals, but while realizing the importance and value of this line of work we are not at present prepared to discuss it.
In conclusion, if I may say a word about the experimentalist's outlook on the problems which Dr. Critchley has outlined, it seems to me that there are two pieces of well-established work that we should bear in mind. The first is Sherrington's proof that changes in the nervous system are more easily produced at the nerve-cells and synapse than in the actual nerve-fibre. The second is Gasser's proof that, of nerve-fibres, the smallest in cross-section are the most susceptible to the action of cocaine and its substitutes. These conclusions may help in evolving a satisfactory explanation of the phenomena under discussion.
[For permission to reproduce the tracings (figs. 1 to 4) the editors are indebted to the Journal of Pharmacology and Experimental Therapeutic8.] Dr. Fergus R. Ferguson: Despite the fact that I am bringing forward several rather disastrous complications, this contribution is not presented as a disparagement of a very valuable, if not indispensable, form of anaesthesia, but rather in the hope that as the result of inquiry, we may obviate such unfortunate and similar accidents in the future, and in order to emphasize the necessity for looking for and recognizing complications.
I stress this point because one has the impression that symptoms-such as parawsthesiae, and sphincter disturbances and signs-such as sacral sensory loss and alteration in the tendon reflexes-resulting from lesions in the lower part of the vertebral canal and occurring as post-operative complications, are frequently overlooked. We all know the nurse who tells the patient who has an operation-say on the leg-and who says she cannot pass urine, that " she is not trying ", or if she is incontinent of faeces-that " she is careless ", or if she complains of numbness of her gluteal region, " what do you expect after an operation? "
In Manchester we have been unfortunate (or in another respect fortunate) in seeing numerous sequela during the past few years -pilepsy, persistent headache, 6th-nerve palsy, &c., but particularly cord symptoms. It is my intention to restrict my remarks to the lesions in the region of the cauda equina.
In the eighteen months' period between August 1933 and March 1935 we encountered 13 similar neurological sequele of spinal anesthesia. These patients have been examined neurologically shortly after operation and on numerous occasions since. In addition Mr. Kenneth Watkins, who was R.S.O. at the Manchester Royal Infirmary when these complications were first noticed, has made many careful urological observa-tions on these patients and has reported his findings in a paper which he read before the Association of Surgeons of Great Britain and Ireland.
One of the striking features is the large number of these cases over a relatively short period, for in a survey of the literature only about 16 similar cases-roughly the same number as we have seen ourselves-have been found. Dr. W. E. Paul, however, many years ago recorded details of two precisely similar cases-in the first the operation took place in 1913 in the Massachusetts General Hospital. His conclusions were that " spinal anaesthesia was not absolutely free from risk of damage to the lower sacral nerve supply and that the site and character of the lesion were matters for ingenious speculation ".
Unfortunately, nearly twenty-five years afterwards, we are in much the same quandary.
It is not my intention to record these cases in detail to-night, but the following are their main features: In this list we note :-(I) The short total period-only eighteen months.
(2) The preponderance of males (approximately equal numbers operated on). (3) Any age (excluding arterial disease as of importance). (4) All the severe cases occurred in the urgencies. The level of ansesthesia was higher than was required for some of the quiet cases, but there were two abdominal sections in the mild series. (5) The ansesthetic in all but one case was heavy duracaine and in the doubtful instance was in all probability heavy duracaine, but we cannot make absolutely certain. It might have been stovaine. (6) There were three deaths but in none of the cases could death be attributed directly to the spinal anawsthetic. In all three the operation was for a perforated duodenal ulcer. One patient died ten days after operation following a severe haematemesis-there was a litre of blood in the stomach. The second died about a month after operation from general peritonitis. The third died about four months after operation, with advanced pulmonary tuberculosis and a recent perforation of a tuberculous ulcer in the ileum.
Outlined below are the chief symptoms and signs contrasted in a mild and a severe type, although it is clear from examination of all these cases that the basic lesion was the same-the various patients showing different shades or degrees of the same syndrome. Mild 
months.
Slight incontinence of feces.
Unable to tell when flatus is being passed.
Loss of the normal sensation prior to bowel movement.
The six slides exhibited (not reproduced) show the increasing degree of affection from mild to severe cases-of the reflexes and area of sensory affection; broadly speaking there was a similar degree of increase in affection of one or both sphincters.
The bladder symptoms nearly always followed within twenty-four hours of the operation, whereas rectal symptoms were sometimes delayed-in one case for ten days-almost suggesting a progressive lesion.
In reviewing this series of graded cases it seems clear from the universal presence of some symptoms that the risk of affection was greatest to those roots of the cauda equina which were in the immediate vicinity of the site at which the drug was injected. Before it reached the more distant roots the concentration had been considerably reduced by admixture with the cerebrospinal fluid.
Despite the fact that these symptoms and signs may not appear striking, yet the importance of the problem is illustrated by the length of time the symptoms continue. The table below shows the progress of four of these patients-whom I have re-examined completely during the past fortnight (the first three being in the mild group).
PROGRESS. Operation
Off work Patient 3 is interesting in respect of the mode of production of her trophic ulcer. Two months ago she married and she and her husband bought a tandem. The result is that in her attempts to pedal at the same rate as her husband she has worn quite a large hole in her sacral anaesthetic area. Another patient operated on two years ago, who was unable to come up for examination, wrote apologizing and said that he could not yet control his motions and his water was always running from him.
How much more devastating and lasting are these sequelae than the majority of the post-ansesthetic chest complications! Now as to some of the points in the causation and situation of the lesion. First, from the occurrence of these complications immediately after the anaesthetic and from the similarity to these accidents, it is certain that we must regard them as due to the spinal anaesthetic. We find it impossible to dissociate " heavy duracaine" from this particular group of complications, but we find it very difficult to say which is the particular factor which has caused these disasters. During the period under review about 1,000 heavy duracaine and 1,000 stovaine and other spinal anaesthetics were given. It has been argued that, if the anaesthetic is the cause and a satisfactory spinal ansesthesia has been produced, why are only a few nerves affected. Surely this is due to the fact that the maximum affection was on certain nerves-that is the anaesthetic came into contact with them originally in greater concentration or remained longer in contact with them.
Although it seems certain that the chief lesion in these cases is in the cauda equina, yet in view of the fact that spinal anaesthetic complications have been described affecting almost all parts of the nervous system and the difficult clinical differentiation from conus lesions, it is difficult to be dogmatic. Personally because of the large number of very similar cases in this series, I feel that we are probably dealing with a local toxic complication-something a little different from the more commonly recorded spinal anaesthetic neurological complication.
The part played by trauma.-It has always seemed to me to be impossible that a series of complications as illustrated by this group could be due to trauma-either direct puncture of a nerve or secondary to haemorrhage either subarachnoid or subdural-yet there are still intelligent adherents of the traumatic view. First, surely we must leave out of account those in which a high puncture has been carried out, for there is a large group where this point does not arise and yet the same complicating picture has been presented. In practically all these cases, the puncture was between the 3rd and 4th or 4th and 5th lumbar spines.
What are the points which make one feel so strongly about the part played by trauma ?-for it is obviously a most important point and one on which we ought to come to a decision.
(1) Tens of thousands of " diagnostic " lumbar punctures have been made (some of them with much trauma) without any similar complication. There may be pain in the back or legs or headache, but never sphincter complications or loss of the leg tendon reflexes.
(2) There has been no evidence of bleeding into the cerebrospinal fluid in many of the patients, who have later shown complications.
(3) The lesion is too extensive to be regarded as due to puncture of one, two, or even three, nerves.
(4) The punctures in cases showing complications afterwards may be absolutely clean and straightforward. In the last example we saw, the technique was described as perfect.
(5) The grading of the cases in this series-variations of one lesion; it seems impossible to reconcile this state of affairs with injury either to a nerve or to haemorrhage.
(6) The same grading is seen in Macdonald's recent experiments, in which, irrespective of the type of puncture, he was able to produce graded increasing nerve affection by increasing the concentration. Surely this could only be due to the effect of a " toxic " or injurious substance introduced into the cerebrospinal fluid.
(7) The post-mortem and experimental evidence suggests a toxic affection, but no evidence of any haemorrhage even in a careful post-mortem examination within a week.
(8) The necessity for correlating the lesions in the lower cord, upper cord, and 6thnerve palsies with the local ones in the sacral cord and cauda equina.
When driven into a corner, the " traumatic protagonist " says that during the puncture a nerve may be pricked and then the " anaesthetic " does the damage at this site, or that the injection was partly extradural. Granting these possibilities, surely it would be impossible to produce such extensive lesions.
On all counts then, it would seem to be impossible to regard the actual puncture as being the cause of these sequelae. It must then be the anaesthetic. The fact that complications have been recorded after stovaine and novocain seems to suggest that the novocain compound is the toxic agent.
But why was this large series encountered after heavy duracaine ? We must turn to the other constituents of this preparation. Its composition has varied-but glycerine, gliadine, gum acacia, or alcohol seem to be the possible culprits.
Naturally alcohol fell under great suspicion. Certainly alcohol may produce a lesion of this type; Kafer, Pereyra, and Sanguinetti have recorded an identical lesion following injection of 80% alcohol and containing 25% antipyrine. There seem to be several reasons on the other hand, for believing that alcohol is not the direct cause.
(1) That similar spinal complications have followed clinically and experimentally anaesthetics without alcohol, e.g. stovaine.
(2) That 90% alcohol has on occasion been introduced intrathecally in doses of 1 to 2 c.c. without causing any complications. In Queen Square recently a patient received over 3 c.c. of 90% alcohol intrathecally in three doses over a period of a few days but no definite abnormality was found on careful examination.
(3) According to Dogliotti, intrathecal injections of absolute alcohol into dogs only caused motor paralysis of a few days' duration. 79n 1023 Proceedings of the Royal Soiety of Medicine 80 (4) Professors Macdonald and Watkins were not able to produce paralysis in cats by the intrathecal injection of 15% ethyl alcohol with 20% glycerine.
It does not seem possible then that the lesion can be due directly to the alcohol and/or glycerine.
The composition of heavy duracaine has varied, and complications have followed when no gliadine or gum acacia has been present. It was introduced in order to allow of slow diffusion of the anaesthetic solution into the cerebrospinal fluid and thus allow the anaesthetic to act on the intradural nerve-roots at chosen levels.
I would suggest that it was the combination of the procaine with the alcohol and glycerine and the gum acacia which led to the undiluted procaine being held too long locally in contact with the nervous tissue close to the site of the injection and therefore being allowed to exert a local toxic affection in susceptible persons. One feels that the glycerine was probably the most important factor in producing this effect.
In conclusion then with particular reference to these " cauda equina complications " in this series one cannot but feel (1) That heavy duracaine in average hands is a dangerous spinal anaesthetic and should not be used in its present form. Naturally in the Manchester Royal Infirmary heavy duracaine is now only given in a very small number of cases and during the past two years there has been only one definite cauda equina complication which has come to my notice (and this was due to heavy duracaine).
(2) That in order to keep the concentration at which the procaine preparation first comes into contact with nerve tissue, as low as possible: (a) the preparation should be diluted with cerebrospinal fluid (at least an equal quantity); (b) that the injection should be made slowly.
Dr. Russell Brain said that this discussion afforded an opportunity to pool experiences in regard to these interesting, but fortunately rare, complications of spinal ansesthesia. He therefore wished, first, to mention among cranial nerve palsies that of a case which he had seen in which both 6th, both 7th, and both 8th nerves were affected, but the patient recovered completely in two weeks. And he had seen two or three cases of unilateral 6th-nerve paralysis.
Dr. Critchley had pointed out how rare it was to find records of adequate pathological investigations of the conditions which had been described this evening, and for that reason Dr. Dorothy Russell and himself were taking this opportunity of putting on record a case which he would describe as one of myelomalacia following the administration of a spinal anaesthetic.
MYELOMALACIA FOLLOWING SPINAL ANA&STHESIA The patient was a man, aged 33, a pastrycook. Apart from bronchitis during the previous three years his general health had been good. He was admitted to hospital on account of a displaced right semilunar cartilage and on September 3, 1934, this was operated on unifer a spinal anaesthetic. The ansesthetic used was spinocain, of which 2 c.c. were injected after lumbar puncture between the 3rd and 4th lumbar vertebrae. He had no symptoms until a week after the operation, when he complained of pain in the lumbosacral region of the spine. He made a good recovery from the operation, however, and was discharged from hospital, walking, on September 15. Towards the end of September, nearly a month after the operation, he began to have pain in the left knee and increasing difficulty in walking. He had to go to bed, and a feeling of numbness developed in the left foot and gradually spread up the leg. At the same time the right leg became weak and the pain in the back increased, so that he had difficulty in turning in bed. This pain spread upwards and became severe and gripping round the waist. He was readmitted to hospital on October 24 and on that date developed retention of urine. I examined him first on November 8. The fundi, pupils, and cranial nerves were normal. In the upper limbs there was slight symmetrical wasting of the small muscles of the hands, with moderate weakness of movement most marked in the deltoids, triceps, and extensors of the wrists. The right supinator jerk was absent; the left was present but sluggish. The remaining tendon reflexes of the upper limbs were normal and there was no sensory loss. The intercostal muscles contracted normally. There was marked weakness of flexion of the spine on the hips and the patient was unable to sit up unaided. The abdominal reflexes were absent. In the lower limbs there was moderate wasting of all muscles which was least marked in the hamstrings and most marked in the peronei and anterior tibial group and was symmetrical. There was bilateral foot-drop and almost complete flaccid palsy of both lower limbs except for an extremely.feeble movement of flexion and extension of the right hip. The knee-and ankle-jerks were absent and the plantar responses were a very feeble flexor. There was slight impairment of appreciation of light touch over the dorsum of both feet and considerable loss of sensibility to pin-prick over all the sacral-segmental areas. There was gross loss of postural sensibility in the toes of both feet and the vibration of a tuning fork was not appreciated over the feet or the left shin but was felt over -the right shin. There was retention of urine and obstinate constipation. Lumbar puncture on October 30 yielded the following results: Protein 0.270%, globulin ++, no excess of cells, Wassermann reaction negative. Subsequently there was no change in the patient's neurological condition and he died on December 24, 1934, from complicating infection. Pathological examination, which Dr. Russell will describe in detail, showed a massive softening of the spinal cord, maximal at the level of the upper part of the lumbar enlargement.
A review of the literature has revealed very few cases of this kind and fewer still which have been investigated pathologically. Brock, Bell, and Davison described a similar case, the seventh of their series. A point of special interest in our case is the long latent interval before symptoms appeared, pain in the back occurring a week after the anesthetic and motor symptoms not until nearly a month after. In two of Brock, Bell, and Davison's series of eight cases the neurological complications appeared when a second spinal antsthetic was given, in one case twelve days and in the other case thirty-seven days after a first. They raise the question of whether the neurological sequel may not be due to some process of sensitization. With this in mind and in view of the fact that spinocain contains gliadin, a wheat protein, and our patient was a pastrycook exposed to wheat flour, we asked Professor Marrack to sensitize three rabbits with gliadin and we subsequently injected spinocain intraspinally. There were no ill-effects, but the injections were difficult, and we feel that no conclusion can be drawn from the experiment. In any case the fact that neurological sequelae have followed the administration of other spinal anesthetics not containing gliadin or other protein makes it probable that the aniesthetic drug itself is in some way responsible. In this case, however, the long latent interval between the administration of the anesthetic and the development of symptoms makes it difficult to regard the symptoms as the direct result of the drug. The interval may have been the incubation period of a process of sensitization, and in these days one must mention the possibility of a superimposed virus infection, though the pathological changes do not appear to support such a view. the accuracy of the segmental levels given in the following description is doubtful.
There was brownish-grey discoloration and extreme softening of the lower part of the 12th thoracic segment, which extended caudally to the upper part of the 2nd lumbar segment. Below this level the discoloration and softening gradually diminished. The pia over the posterior surface of the sacral segments was occupied by a plaque (1-5 cm. from above down by 0-6 cm. from side to side) of opaque grey exudate. Apart from this there was no macroscopic evidence of meningitis. A series of transverse sections showed an opacity of the posterior columns, which was confined to the tract of Goll in the cervical segments. A few punctiform haemorrhages were present in the grey matter at different levels. In the 10th to 11th thoracic segments there was a diffuse creamy-white opacity of the whole of the white matter, the borders of the grey matter being obscured. This showed a gradual transition caudally into the brown pultaceous softening described above, and the cord became too soft to cut until the 3rd lumbar segment was reached. In the remainder of the lumbar segments the cord was still very soft and showed a central diffuse light-brown discoloration fading to yellowish-brown at the periphery. A dark reddish-brown streak occupied the ventral fissure. In the 1st sacral segment the centre of the cord was replaced by a dusky brown area of softening; a V-shaped opaque creamy-yellow area occupied the left posterior horn, the two arms of the V radiating from the central softening. The posterior columns were translucent and grey, the rest of the white matter milky-white. In the more caudal sacral segments there was an area of haemorrhagic softening in the posterior columns, which gradually diminished to the size of a pinhead in the 3rd segment.
Microscopic examination.-No histological changes were found in the central nervous system above the level of the medulla oblongata. Excessive softening precluded examination of the 12th thoracic segment and of the upper part of the lumbar enlargement. Sections of the 3rd and 5th lumbar segments show complete necrosis of the grey, and almost complete necrosis of the white, matter. Only occasional myelin sheaths are seen here and there in Loyez preparations and most of the glial cells have been destroyed; a few pyknotic nuclei are seen and there is a sparse infiltration with degenerating polymorphonuclear leucocytes throughout. Slight diffuse himorrhage, apparently of recent origin, is present in the posterior columns of both these lumbar segments and in a few peri-vascular zones in other parts of the white matter in the 5th. No bacteria are present in sections stained by carbol-thionin blue and by neutral red and the Weigert-Gram method. Meningitis is limited to an uneven, mainly perivascular infiltration with lymphocytes, monocytes, and a moderate number of both neutrophil and eosinophil leucocytes (figs. 1 and 2). Conspicuous collections of foam-cells are present at the junctions of the anterior and posterior roots with the cord and elsewhere in an interrupted zone immediately beneath the pia. The most striking histological changes, however, are those present in the pial blood-vessels ( fig. 1 ) and in the small perforating arterioles in the periphery of the cord (figs. 2 and 3). Both the medium-sized and smaller arterioles have undergone partial or complete hyaline necrosis which gives a positive reaction for fibrin. Necrosis is accompanied by haemorrhage into the walls and into the adventitial spaces. They frequently show thrombosis and, in some instances, early organization of the thrombus. The anterior and posterior spinal arteries, however, are unaltered, except over the 5th lumbar segment where each posterior spinal artery contains a crescentic mass of unorganized thrombus, while its medial and adventitial coats are infiltrated with lymphocytes, monocytes, neutrophil and eosinophil leucocytes. There is endophlebitis of many of the larger pial veins, the infiltrating cells being mainly lymphocytes and plasma cells.
In the 1st and 2nd sacral segments there is necrosis of the posterior columns, associated with haemorrhages. A dense compact zone of fat-granule cells, stained bright orange-red with Scharlach R, occupies the cord at the borders of the necrotic area ( fig. 4 ). In Hortega preparations the fat-granule cells are seen to be of microglial origin because many transitional forms of these cells are present nearby. The adventitial sheaths of neighbouring vessels are infiltrated with plasma cells and lymphocytes. Discrete foci of demyelination and ballooning of the medullary -----. sheaths, presenting a fenestrated or honeycombed appearance, are also present in the lateral and anterior columns; they are not obviously related to blood-vessels. The pia is sparsely infiltrated with lymphocytes and plasma cells. The arteries and arterioles of the pia are normal, but endophlebitis is present in the larger veins. At higher levels of the cord the histological changes are less intense. In the 11th thoracic segment there is a patchy, symmetrical demyelination and ballooning of the sheathe in peripheral parts of the white matter in the lateral, and, to a less extent, in the anterior and posterior columns (fig. 5 ). These areas resemble the discrete foci described in the sacral cord. In Hortega preparations they contain foam cells; these give no reaction with Scharlach R but contain black granules after treatment with osmic acid (Marchi's method). The areas are possibly to be associated with t% A focal necrosis and thrombosis of the small perforating arterioles, because one thus affected vessel is present in the left lateral column. There is no meningitis. In Loyez preparations there is a partial diffuse loss of myelin sheaths in the posterior columns. Marchi preparations show a slight diffuse degeneration, the affected sheaths being most numerous in the ventral parts of the posterior columns. In the same segment severe degeneration of the anterior horn cells is shown by chromatolysis, margination of nuclei, and pyknosis. Above the 11th thoracic segment the only histological abnormialities are a secondlary ascending degeneration ( fig. 6 ) and a few small recent hoemorrhages in the grey matter. The neurones are well preserved. All blood-vessels appear normal, except a small vein over the left posterior root in the 6th cervical segment, which contains partly organized thrombus.
The portions of peripheral nerve received for examination show no histological abnormality.
1,
Comment.-The histological appearances do not suggest that there was any direct trauma to the spinal cord at the time of the anaesthetic; there is no evidence of old haemorrhage; recent haemorrhages are present but they are small and scattered. Nor is there any histological evidence indicative of bacterial infection at the time of the ansesthetic; the inflammatory reaction in the pia is scanty and of a chronic type; bacteria were not demonstrated histologically. The possibility that a virus was introduced at the time of giving the anaesthetic cannot be excluded, but the limitation of the reaction to the lowest segments of the cord is against this theory. The appearances suggest strongly that the massive softening in the lower thoracic and upper lumbar cord and the focal areas of demyelination in higher segments are secondary to the severe changes in the pial and perforating blood-vessels. In the affected areas veins show endophlebitis or thrombosis, while arteries show kinds of acute necrosis, or "necrotizing arteritis ", which are identical with those most commonly found in periarteritis nodosa, some examples of nephritis, rheumatic fever, and massive cortical necrosis of the kidneys. Similar arterial changes have been caused experimentally by sensitization of animals to foreign proteins, bacteria, or filtrates of bacterial cultures (Vaiubel, 1932; Metz, 1932; Apitz, 1933 Apitz, , 1934 , and consequently the changes have been attributed to hypersensitization and have been called hyperallergic arteritis. They have also, however, occurred in the kidney of man in dioxan poisoning (De Navasquez, 1935) , and Dr. F. B. Byrom (1937, in the pre8s) has produced them in rats by injection of vasoconstrictors. In the absence of evidence, therefore, that spinocain has a direct necrosing effect upon arteries or causes vasoconstriction the most probable explanation of the destruction of the spinal cord in the present case would appear to be a hyperallergic arterial! necrosis and endophlebitis. As Dr. Russell Brain, however, has pointed out above, it is difficult to accept this view, because of the fatal case of Brock, Bell, and Davison. In this case the clinical history and the pathological changes in the cord appear to have been similar, although no mention was made of abnormal vessels. But the anaesthetic used was percaine, which contains no protein, and only one injection was given, so that a sensitization appears to be excluded. It must be added, however, that in two out of six other cases reported by Brock, Bell, and Davison, symptoms of radiculitis appeared only after a second injection, and the authors said that these two cases did suggest sensitization.
Dr. H. K. Ashworth said that four years ago he had opened a discussion on this subject at a meeting of the Section of Anaesthetics.1 The opening papers in the present discussion indicated that since then distinct progress had been made in clarifying knowledge concerning these undesirable sequel of spinal anaesthesia. From the point of view of the anaesthetist it was most desirable to divide the sequele into those which were definitely dangerous to the patient, and those whose sequelae were more transient.
With regard to the dangerous category, no doubt the cauda equina lesions, described by Dr. Ferguson, should be in that group. Others which were a source of potential danger-mentioned by Dr. Critchley and others, were those in which the patient had incipient disease of the nervous system, which could not be detected beforehand and was precipitated into action or increased activity by the administration of a spinal antesthetic. These cases would always be " fallen for " unless there was any detectable pre-warning of a nervous lesion. It was reasonable, as Dr. Ferguson had said, to presume that cauda equina lesions were directly connected with the use of small quantities of heavily concentrated solutions of drugs, together with the other solvent substances present, acting in the region of the site of injection. He asked if any member knew of a case of cauda equina lesion following the use of a 1: 1,500 solution of percaine given in bulk, because if there were frequent reports of cases in which these lesions occurred with a small concentrated dose of novocain derivatives, and were not found after a large injection of a very weak solution of percaine, the evidence would be considered to be fairly conclusive as to the cause of these cauda equina lesions.
The more transient sequele of spinal ansesthesia-headache and 6th-nerve palsies were slightly more common after the use of 1 : 1,500 solution of percaine than after the use of novocain solutions, and it was reasonable to suppose that this should be so, because a much greater volume of fluid was injected. He had given percaine in about a thousand cases, and had had two cases of 6th-nerve palsy among them; both cleared up, although one of them took four months to do so. The more serious lesion, from the point of view of blame allotted by the patient, was headache. Neurologists usually saw only the severe cases of nervous sequelae of spinal anaesthesia; from the anmesthetist's point of view, headache was much the commonest of such sequelse. Here, neurologists and ansesthetists were on common ground, because headaches occurred after lumbar puncture. He himself had undergone lumbar puncture some time ago, and had had a severe headache afterwards; on the whole, he thought that it was a hypotension headache, as it was agony for him to sit up. He would very much like to hear of a cure for this type of headache.
With regard to the causation of headache: A German worker had recently published a paper on this subject, in which he analysed 2,000 cases of spinal anaesthesia, in 1,000 of which large needles were used, and in 1,000 very thin ones, and he did not find any difference in the incidence of headache in the two series. What he did find was a difference of incidence in the age-groups; on the whole the younger and more highly strung people were much more prone to headaches than were elderly ones, and this almost without reference to the kind of ansesthetic used. Moreover, patients who had been given spinal anaesthetics without their knowledge-preliminary evipan was often given in private practice-had developed headaches, therefore one could not accept the suggestion that these headaches were always functional. The German worker to whom he had alluded advocated the use of nitroglycerine as a cure. Shortly after reading the paper in question he (the speaker) had had two cases of headache following the use of percaine, and in neither case did the use of nitroglycerine result in a cure. .
Dr. Wilfred Harris said he was unable to accept Dr. Ferguson's theory that the pathological effect of concentrated novocain on the nerve-fibres of the cauda equina was due to its direct action on those fibres. For many years he (the speaker) had been accustomed to inject the sciatic nerve with novocain in a strength from 2% to 5%, without seeing any permanent damage result. A patient might complain of numbness, which might last from half an hour to an hour, and there might be anaesthesia and foot-drop which might last an hour; but nothing persisted longer than that time. If there were any damaging effect on the nerve-fibres in the cauda equina more constant symptoms should also be present in his sciatic cases. He thought the paralytic symptoms described were a sacro-myelitic effect, and he suggested that the cause of these sacro-myelitic accidents was a thrombotic, possibly vasoconstrictor, action of the noivocain itself; its effect on the pial vessels might cause such symptoms and pathological results as Dr. Russell had demonstrated this evening.
Dr. Ferguson (in reply to Dr. Wilfred Harris) said that there was considerable difficulty, on clinical grounds, in being dogmatic about the exact situation of the lesion. He did not think there was sufficient evidence to enable one to say more than that the lesion was in the region of the cauda equina. At first it was thought that the lesion was confined to the cauda equina itself, yet on reviewing the 13 cases, in order to bring them into line with the experimental findings and with other complications recorded in the lumbosacral region and other parts of the cord, one could not exclude the possibility of the lesion being in the conus medullaris or sacral cord. However, the localized affection in some of the patients, the absence of dissociated sensory loss in the anaesthetic areas, the diminution in calf tenderness, the mode of recovery, the site of the puncture, and the fact that cases of radiculitis following spinal anaesthesia had been described, seemed to be in favour of a lesion maximal in the cauda equina, despite the difficulty which Dr. Harris had mentioned It seemed possible that the nerves forming the cauda equina were more sensitive to the anaesthetic than the sciatic nerve.
Autopsies had been performed on the three patients who died, but no definite abnormalities were found macroscopically. The sections of the cord showed some increased hyaline changes in the vessel walls and, in addition, some marginal pallor of the cord in the sacral region, but no other definite changes.
Marchi sections were negative. Dr. Susman, who examined the sections carefully, considered that the sacral nerves showed fine vacuolation and evidences of recent degeneration.
Dr. Purdon Martin, referring to the case described by Dr. Russell Brain and Dr. Dorothy Russell, said he had seen one case in which there occurred an ascending myelitis, and eventually encephalomyeitis, following spinal anaesthesia. The patient had, first of all, the usual symptoms of a sacral lesion and then numbness, which spread upwards; a week later he had symptoms of a high spinal lesion, and there were indications that this was rather worse in the cervical than in the dorsal region, and again worse in the lumbar region. A day or two after the high spinal manifestations the patient had hemiplegia on the right side, then on the left side, and he died. The post-mortem examination was carried out by Sir Bemard Spilsbury, who took away all the significant material, and he, Dr. Martin, had not heard the results of the more detailed examination.
Dr. Anthony Feiling (Chairman) said Dr. Ashworth had asked whether any member knew anything about complications of the nature under discussion occurring after procaine. Dr. Critchley had mentioned in his paper, a case recorded by Dr. Langton Hewer, in a man who had persistent paraplegia and was subsequently operated upon, the anaesthetic being procaine. And Mr. Dickson' Wright had recorded two cases of temporary mania following the use of the same drug for local spinal anesthesia.
Could Professor Macdonald tell members what was the effect of these aneasthetics on the spinal blood-vessels ? Professor Macdonald (in reply) said that, so far as he was aware, straight novocain itself had no action on the blood-vessels, and he would be surprised if a simple 5% solution of procaine produced extensive changes. Every student in his class carried out cutaneous tests, and he himself, with the collaboration of a dental friend, had done many tests on himself with a 2% solution of procaine. In the absence of adrenaline the effect was dilator rather than vasoconstrictor. A 10% solution was being used intrathecally by him, but -he had no experience of such concentrations applied in other fields.
